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SOME HISTOCHEMICAL OBSERVATIONS ON THE HUMAN ECCRINE
SWEAT GLANDS
III. THE EFFECT OF PHOFUSE SWEATING*
RICHARD L. DOBSON,M.D.,tVICTORFORMISANO,M.S., WALTER C. LOBITZ, Ju., M.D. AND
DORIS BROPHY, BA., Lic. Es. Sc.
The rate of sweating and the mineral content
of sweat under various conditions have been
extensively studied in man. For example,
Gerking and Robinson (1) showed that the rate of
sweating progressively declines and may be re-
duced as much as 80% after six hours. Bcrenson
and Burch (2) reported that there was a continu-
ous decrease in the concentration of potassium
beginning as early as 30 minutes after the onset of
sweating. They also found that the decrease in the
rate of sweating observed by Gerking and
Robinson is accompanied by an increase in the
concentration of sodium chloride in the sweat and
they interpreted this as a failure of the sweat
gland to retain sodium chloride. This was con-
firmed by Bulmer and Forwcll (3) who also
showed that the concentration of sodium in
thermal sweat increases with an increase in the
rate of sweating. As a result of these studies they
concluded that the eccrine glands have a quickly
fatigable, maximal capacity for retaining sodium.
Since these alterations in rate and mineral content
are independent of changes in the blood the con-
clusion seems inescapable that the cccrine sweat
gland, per sc, plays a role in producing these
phenomena.
It is known that morphologic and histochcmi-
cal alterations occur in man in association with
sweating. For example, the glycogcn content of
the cells of both the secretory coil and duct can be
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depleted (4, 5, 6). Mitochondrial changes have
been reported (7). Even gross alterations in
the cells of the secretory coil after sweating have
been described (8). No attempts have been made,
however, to study and to correlate such cellular
changes in the eccrine sweat gland of man under
conditions that build up to maximal sweating,
subsequent fatigue and finally total failure of the
sweat glands.
METHOD
Maximal sweating was gradually induced over
a 30 minute period in normal young adult males
who were in a heat cabinet in which the tempera-
ture rose from 70° F to approximately 105° F.
This maximum temperature was maintained for a
period of six hours or until total failure of the
sweat gland or marked subjective symptoms
required stopping the experiment. Biopsy speci-
mens were obtained without anesthesia from the
upper and mid-back by means of a high-speed,
rotary punch (9) before, at hourly intervals
during and immediately after six hours of pro-
fuse sweating. All specimens were immediately
placed in the appropriate fixative.
Staining technics untilizcd were as follows:
Giemsa stain; the McManus procedure for
glycogen controlled with diastasc (10); toluidine
blue buffered at pH 5 (11); Feulgen reaction;
Verhoff's carbolfuchsin; Rcgaud's hcmatoxylin,
Hcidenhain's iron hcmatoxylin and Altmann's
aniline acid fuchsin-methyl green stain for
mitochondria; the Barnett-Seligman technic
for disulfidc and sulfhydryl groups (12); Sudan
black B, Sudan black B plus caffeine and acid
hematin for lipids; Burton's technic for acid
phosphatasc; (13); Gomori's azo-dye method for
alkaline phosphatase (14); Koelle's method
modified by Gomori for acetylcholine estcrases
(14); Gomori's technic for demonstrating ester-
ases using Tween-60 as a substrate (14); Barnett
and Scligman's method for the demonstration of
esterascs by indigo production (15); Rosa and
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Yelardo's method for succinic dehvdrogenase
(16).
RESULTS
Under the conditions of the experiment,
maximal generalized sweating was elicited in all
subjects within 30 minutes. Sweating continued
at a profuse rate for about four hours and then
declined. At this time the subjects became quite
restless and uncomfortable despite adequate
fluid and electrolyte intake. Between the fifth
and sixth hours as sweating became more scanty
or even ceased, the subjects developed lassitude
and malaise. This was accompanied by tachy-
cardia, hyperpnea and orthostatic hypotension.
Marked alterations in the structure of the cccrine
sweat glands occurred at this time. These will be
presented in detail.
A. "Schiff -positive, Non-glycoqen Material"
In the cells of the secretory coil abundant
particulate material was present. This has been
termed "Schiff-positive, non-glycogen material"
by Formisano and Lobitz (17) since these
particles stain an intense red with the PAS
McManus procedure and are unaffected by dia-
stascdigestion. They stain metachromatically with
Giemsa or with toluidine blue buffered to pH 5.
Although both types of secretory cells contained
this material, by far the greater amount was
present within the small dark cells. Before sweat-
FIG. 1. Secretory coil before sweating. Note the large pale cell (arrow 1) and the small dark cell (arrow
2) containing abundant particulate material. (Giemsa stain—X960)
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FIG. 2. Secretory coil after 6 hours of sweating. Note the decrease in the size of the cells. Small dark
cells (arrow 1) containing less particulate material and pale cells (arrow 2) are still present. The lumen
of the coil is markedly dilated. (Giemsa stain—--X960)
ing these particles were disposed in various ways
(Fig. 1). They were distributed throughout the
cytoplasm, aggregated about the nucleus, in the
apical half of the cell, or most often along the
luminal border of the cell. Little of this "Schiff-
positive, non-glycogen material" was found in the
lumen of the secretory coil, but occasionally large
aggregates of particles or casts were seen.
After only one hour of profuse sweating there
was a striking depletion of these particles in the
cells of the secretory coil. Perinuclear localization
of the remaining particles was no longer seen.
They were now found oniy in the apical half or
the luininal border of the secretory cell. After four
to six hours of sweating further depletion of the
Schiff-positive, non-glycogen particles occurred so
that only the luminal border of a few of the
secretory cells contained a significant number
(Fig. 2).
These particles were excreted directly into the
lumen of the secretory coil and gradually tra-
versed the entire sweat duct until they reached
the surface. This was apparent from the fact that
sweat collected from the surface of the skin con-
tained these Schiff-positive, non-glycogen par-
ticles. Further evidence of direct excretion was
seen when profuse sweating was induced in the
presence of poral occlusion or closure of the duet
in the mid-dermis after experimental injury (18).
Under these circumstances the Schiff-positive,
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Fio. 3. After 1 hour of sweating in the presence of poral obstruction. Particulate material has accumu-
lated within the duct (arrow). (McManus procedure—X180)
non-glyeogen particles being denied access to the
surface of the skin collected within the lumen of
the eeerine duet below the point of obstruction
(Fig. 3).
B. Cytoplasmic Vacuoles
After about one and one-half hours of sweating,
vaeuoles appeared along the basal border of the
glandular cells. As sweating progressed, larger
vaeuoles were seen. These large vaeuoles were
outlined by an intense concentration of Schiff-
positive, non-glycogen material representing a
passive crowding of the material into the remain-
ing cell space (Fig. 4). Vaeuoles also appeared in
the cells of the coil portion of the duet adjacent to
the nuclei giving these nuclei the shape of a
kidney bean (Fig. 5).
C. Cell Size
At about the same time that vacuolization
became readily observable there was a definite
decrease in the size of the secretory cells, espe-
cially the large pale cells (Fig. 2). Both cell types
then had a low cuboidal structure and were
arranged in a linear manner along the basement
membrane. This atrophy produced a marked in-
crease in the diameter of the lumen of the secre-
tory coil.
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FIG. 4. Secretory coil after 2 hours of sweating. NGte the vacuolated cells which still contain glycogen
(arrows). (McManus procedure—X 330)
U. Intracytoplasmic Inclusions
Prominent intracytoplasmic inclusions were
seen in the secretory cells after six hours of sweat-
ing (Fig. 6). These inclusions stained a blue-green
with toluidine blue but were non-reactive to the
MeManus procedure. They tended to occur
singly in the cytoplasm of the large pale cells but
occasionally aggregates of three to four were seen
within small vacuoles. Tbese inclusions seemed
identical to those which have been seen following
direct injury to the secretory coil (19).
B. Mitochondria
Before sweating, mitochondria were distributed
evenly throughout the cytoplasm of the seere-
tory cells. After six hours of sweating there was an
apparent diminution in the number of mitochon-
dna in the cytoplasm as a result of the change in
the position of these elements.The even distribu-
tion of the mitochondria seen in the control
specimens was replaced by a concentration in the
apical portion of the secretory cell. There was also
an intense concentration of mitoehondria sur-
rounding the vacuoles similar to that seen with
the Schiff -positive, non-glycogen particles.
F. Nuclear Changes
Nuclear changes as a result of profuse sweating
were marked (Fig. 7). The nuclei of the small
dark cells increased in size and developed a more
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Fm. 5. Ecerine duct after 6 hours of sweating. Vaeuoles are present adjacent to the nuclei of both
the luminal cell (arrow 1) and basal cell (arrow 2). (McManus procedure controlled with diastase—X900)
prominent nuclear membrane. The nuclei of the
large pale cells virtually lost their nuclear mem-
brane, contained less chromatin and were less
basophilic than those seen in the control speci-
mens. This was especially apparent in the Giemsa
stained specimens. These changes were so pro-
nounced that it was possible to distinguish be-
tween the two types of secretory cells on the basis
of the appearance of the nucleus alone.
G. Basement Membrane
After several hours of sweating the basement
membrane of the secretory coil thickened. This
was most clearly seen after six hours of sweating
especially when the basement membrane has
been stained to show its disulfide content. A
prominent dark line which represented an in-
crease in disulfide content was present along the
outer border of this basement membrane.
H. Glycogen
In the control specimens glycogen was present
in both the large and small cells of the secretory
coil. Almost invariably there was more in the
large cells. After one hour of profuse sweating a
definite diminution in the quantity of glycogen
occurred. After three to six hours of profuse
sweating glycogen disappeared from the vast
majority of the secretory cells. However, in those
cells which developed marked vacuolization gly-
cogen persisted (Fig. 4). Apparently under these
circumstances such marked damage occurred
early to these cells that they were unable to
function normally and thus did not deplete their
glycogen. Both the luminal and basal cells of the
coil portion of the duct were glycogen free after
six hours of sweating.
I. Enzymes
Although extensive studies were done on en-
zyme localization (see methods) and activity
before and after sweating, the results for the most
part were erratic. Only in the case of esterases
using Tween-60 as a substrate was there a con-
sistent change following sweating. After six
hours there was a definite increase in the activity
OBSERVATIONS ON THE HUMAN ECCRINE SWEAT GLANDS 153
Fin. 6. Secretory coil after 6 hours of sweating
blue, pH 5—X960)
of this enzyme although the localization remained
the same (Fig. 8 and 9).
DISCUSSION
The marked cytologic alterations which oc-
curred in the eccrine sweat gland as the result of
profuse sweating were greater than anticipated.
It would seem unlikely that such a normal func-
tion as the secretion of sweat could produce frank
damage to the secretory cells of the gland. It is
possible, however, that the eccrine sweat gland
has a limited ability to maintain profuse secre-
tion. This is reflected in the rather rapid change
in the sodium, potassium and chloride concen-
tration of sweat and its rate of output which
occur under conditions of an acute exposure to a
containing intracytoplasmic inclusions. (Toluidine
hot, humid environment. How rapidly the sweat
gland can regain its functional and morphological
integrity is a problem which is being investigated.
The mechanism of acclimatization must also
be considered. It is known that acclimatization is
a slow process by which the eccrine sweat gland
develops the ability to decrease its output of
sodium chloride. Indirect evidence gathered by
Conn and his associates (20, 21) suggests that an
adrenal cortical mechanism may be responsible
for the phenomenon of acclimatization. If the
sweat gland, however, develops the ability to
retain its morphological integrity with repeated
episodes of sweating this factor would be of prime
significance in understanding the mechanism by
which acclimatization occurs. An investigation of
this problem is now in progress.
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Fin. 7. Secretory coil after 6 hours of sweating. The nucleus of the small dark cell (arrow 1) is very
basophilic and has a prominent nuclear membrane. The nucleus of the large pale cell (arrow 2) is less
basophilic and has an indistinct nuclear membrane. (Giemsa stain—X840)
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FIG. 8. Secretory coil before sweating showing distribution of Tween-GO esterase activity (X300)
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FIG. 9. Secretory coil after 6 hours of sweating showing increased activity of Tween-60 esterase.
(X300)
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In addition to these functional considerations
the method by which the sweat gland secretes de-
serves mention. As a general rule exocrine
glandular organs, such as the stomach and the
pancreas, reflect their activity as a depletion of
preformed granules and vacuoles. Histological
evidence of secretory activity can thus be easily
obtained. It has been stated (5), however, that
this method of analysis cannot be utilized in
studying the eecrine sweat gland since there are
no secretory granules.
Since the studies of Schiefferdecker (22),
human sweat glands have been divided into two
types, those with a simple fluid secretion, the
eccrine sweat gland; and those in which part of
the cell are secreted, the apoerine glands. This
classification and interpretation have been al-
most universally accepted. Ito and Iwashige (23),
however, objected to this view since they found
that the cytoplasm of the dark cells of the eccrine
sweat gland occasionally have cytoplasmie blebs
containing granules and vacuoles. They thought
secretion occurred by means of a sloughing of
these structures. On the basis of this evidence
they concluded that the separation of ecerine
from apocrine glands in man is erroneous. Mon-
tagna (24) has disagreed with this concept since
"the presence of cytoplasmie blebs is no proof
that they are pinched off in the manner of the
apocrine gland". We agree with Montagna since
our studies have shown that although the eccrine
sweat gland does have a particulate secretion
(the "Schiff-positive, non-glycogen material")
this does not involve a pinching off of the sub-
stance of the cell. We propose, nevertheless, that
the terms of "eccrine" and "apocrine" defined
on the basis of a fundamental difference in the
method of excretion may be erroneous. We do
not, however, advocate a change in nomenclature
since the terms "ecerine" and "apoerine", if not
taken literally, retain usefulness in differentiating
these embryologically and anatomically two
different types of sweat glands in man.
SUMMARY
As a result of profuse sweating, marked altera-
tions occurred in the secretory cells of the ecerine
sweat glands. This was characterized by the ex-
cretion of Schiff-positive, non-glycogen particles,
atrophy, the accumulation of cytoplasmic inclu-
sion bodies, a thickening of the basement mem-
brane and redistribution of the mitoehondria.
In addition to the usual loss of glycogen (except
in those cells in which vacuolization was marked),
an increase in esterase activity was observed.
Nuclear changes were prominent and differed in
the two types of secretory cells.
The possibility was discussed that fatigue of the
sweat glands during profuse sweating may have
a cytological basis. It was also suggested that
the traditional non-anatomical terms, "eccrine"
and "apocrine" may be erroneous.
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DISCUSSION
Dn. DONALD M. PILLSBURY (Philadelphia,
Penna.): I don't have anything specific to add but
would dislike to see this beautiful study go with-
out discussion. It is a very interesting report, and
adds to our knowledge because the sweat gland
was followed during heavy secretion until it
simply "ran out of gas". As far as I know this
has never been done before. I would like to ask
Dr. Dobson whether there will be any oppor-
tunity to study individuals who have become
acclimated to a tropical environment. Possibly
this may add to the many adaptive capacities of
which the skin in general, and the eccrine gland
in particular, possess.
Dn. FRANZ HERRMANN (New York, N. Y.): Dr.
Pillsbury's comment on these interesting findings
with regard to adaptation to extreme degrees of
environmental heat prompts me to ask about the
length of time over which the present heating
experiments were extended. If I understood cor-
rectly, there was a progressive increase of the
NaCl concentration in the sweat throughout the
period of exposure to heat. It was one of the im-
portant findings of Jerome Conn and his group
that, as an essential feature of adaptation to high
environmental temperature (and/or to restriction
of NaC1 in the diet), a positive NaC1 balance is
maintained in the body by a decline in the
elimination of NaC1 by the sweat, as a result of
increased reabsorption of sodium and of chloride
by the "sweat tubules," which in turn was shown
to be a physiologic function of adreno-cortical
activity.
DR. RIcHARD N. STOUGHTON (Cleveland.
Ohio): The slides presented showed evidence of
lOSS of basophilic material from the sweat gland
cells. Special stains might help determine if this
is due to loss of nucleic acid.
DR. HERBERT MEscoN (Boston, Mass.): Dr.
Dobson, have you followed any of these to see
how soon repair occurs both histochemically and
functionally?
DR. DOROTHY B. WINDHORST (Chicago, Ill.):
It occurs to me that perhaps these changes that
Dr. Dobson is observing are a result of systemic
effects, since he did observe changes occurring in
the pulse and blood pressure. I wonder if he made
any studies on a single limb exposed to these ex-
cessive conditions? Did you feed salt to your men
while you were sweating them?
DR. ALFRED W. KOPF (New York, N. Y.): I
wonder if Dr. Dobson could comment on one
point. In some previous work done with the en-
zyme, alkaline phosphatase, it was interesting to
note particularly in the skin of the pa]ms and
soles that the histochemically demonstrable ac-
tivity of this enzyme varied from one eccrine
sweat gland to another. I wonder if this differ-
ence on the alkaline phosphatase activity could
possibly be related to the metabolic activity of
the gland and if you noted any variation in al-
kaline phosphatase in the biopsy specimens of
your subjects before and after profuse sweating.
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Dn. RICHARD L. DonsoN (in closing): I would
like to thank all the discussers for their very kind
remarks.
Dr. Pillsbury's suggestion will be the next
stage of investigation. No attention has been
paid at all to the sweat glands in the role of ac-
climatization. I think Dr. Herrmann's question
could fit in well with this also in that there is an
increase in sodium chloride excretion in a single
exposure to a hot humid environment. With ac-
climatization, as has been shown by Conn and his
group, there is a decrease in sodium chloride.
Whether this has a cytological basis or not, can
be determined by studying acclimatized indi-
viduals.
In answer to Dr. Stoughton, I certainly was
not impressed with the decreased basophilia
that occurred after sweating. This was just a
single example. It may be just a mild difference in
the staining technic at the time, although I
will check it again.
As far as Dr. Mescon's question is concerned,
we have not particularly studied recovery. In
the few specimens we have observed the changes
are reversed in usually from three to four days.
We have not tested the glands functionally.
As far as Dr. Windhorst's question is con-
cerned, there are marked systemic changes as the
result of a single episode of sweating such as we
performed. Salt and fluid were given ad jib. I
took the literature as the basis for deciding that
there are no changes in electrolytes in the blood
or in blood volume as the result of this single
episode, provided fluid and salt are given ad
libatum.
As far as alkaline phosphatase is concerned, in
answer to Dr. Kopf's question, we observed no
changes but used a different technic than the one
he used.
